Objective: High sodium intake increases the risk of cardiovascular diseases and may also be associated with higher rates of stomach cancer, asthma disorders and infections. In Finland, cross-sectional population surveys to monitor cardiovascular risk factors have been carried out since the 1970s. The main aim of this paper is to present trends in urinary sodium and potassium excretion from 1979 to 2002. Design: Cross-sectional population surveys on cardiovascular risk factors. Setting: Surveys were carried out in Finland in 1979Finland in , 1982Finland in , 1987Finland in and 2002 in four geographical areas: North Karelia, the Kuopio area, Southwestern Finland and the Helsinki area. Subjects: For each survey a random sample stratified by age and sex was drawn from the population register. In this analysis, participants of urine collection subsamples aged 25-64 years (n ¼ 4648) were included. Interventions: A 24-h urinary collection was carried out in subsamples (n ¼ 2218-2487) in connection with population risk factor surveys. Urinary sodium and potassium concentrations were analyzed in the same laboratory throughout, using a flame photometer in 1979, 1982 and 1987 and an ion-selective electrode in 2002. Results: Between 1979 and 2002 urinary sodium excretion in Finland decreased from over 220 to less than 170 mmol/day among men and from nearly 180 to less than 130 mmol/day among women. Although potassium excretion decreased somewhat as well, the decrease in sodium-potassium molar ratio was also significant. Conclusions: The 24-h urinary sodium excretion in Finland has decreased significantly during the last 20 years. However, excretion levels are still considerably higher than recommendations. A further decrease in sodium intake remains a goal for the Finnish food industry and consumers.
Introduction
A direct association between sodium intake and blood pressure has been reported in many epidemiological studies and trials (Intersalt Cooperative Research Group, 1988; Midgley et al., 1996; Graudal et al, 1998; Sacks et al., 2001) . Overweight people seem to be more sensitive to the blood pressure raising effect of sodium than normal weight people (Altschul et al., 1981; Rocchini et al., 1989) . Some recent research has shown that high sodium intake is strongly and independently associated with increased risk of cardiovascular disease (CVD) (He et al., 1999; Tuomilehto et al., 2001; Nagata et al., 2004) . However, low sodium intake as well has been suggested to be harmful (Alderman et al., 1995 (Alderman et al., , 1998 . The association between sodium intake and CVD is presumed to be mediated mainly through raised blood pressure. However, there is evidence that high sodium intake increases cardiovascular risk also through other mechanisms (Safar et al., 2000; Schmieder and Messerli, 2000; Simon, 2003) and could have some direct effects (Perry and Beevers, 1992; Tuomilehto et al., 2001) . Besides CVD, high sodium intake may be a risk factor for stomach cancer and have an effect on calcium and bone mineral metabolism; it has also been connected with increased risk of some infections and asthma disorders (Joossens et al., 1996; de Wardener and MacGregor, 2002) .
Finnish men led the global records in coronary heart disease (CHD) mortality in the late 1960s (Keys, 1970; Thom et al., 1992) . Since then, major efforts have been put into disease prevention and health promotion in Finland and remarkable changes both in CVD mortality and associated risk factors have been observed (Vartiainen et al., 1994 (Vartiainen et al., , 2000 . The prevalence of hypertension in Finland used to be among the highest in the world as well (Wolf et al., 1997) , but blood pressure levels have declined continuously since the early 1970s (Kastarinen et al., 1998) . A wide range of efforts to control high blood pressure has been implemented in Finland, including intensified screenings and antihypertensive drug treatment as well as dietary and other health behavioral measures (Tuomilehto et al., 1984 , Kastarinen et al., 2002 Nissinen et al., 2004) . Changes in sodium intake probably have contributed to the favorable blood pressure trend as well.
Urinary sodium excretion was determined for the first time in Finnish population samples in the mid-1970s and at that time showed high sodium intake levels (Karvonen and Punsar, 1977; Tuomilehto et al., 1980) . In connection with CVD risk factor surveys (the National FINRISK Study), 24-h urinary sodium excretion was assessed in population subsamples in 1979, 1982, 1987 and 2002 . The main aim of this paper is to present the trends in sodium and potassium excretion between the late 1970s and the early 2000s.
Materials and methods
In 1979, a representative sample of the population aged 15-65 years in North Karelia and the Kuopio area was drawn from the population register. The survey was carried out in connection with the North Karelia Salt Project (Tuomilehto et al., 1980; Nissinen et al., 1982) . In 1982 and 1987, the survey was repeated in these two areas and in Southwestern Finland (Turku and Loimaa region) among 10-year age group and sex stratified random samples of the population aged 25-64 years (Tuomilehto et al., 1989) . The 1982 and 1987 surveys were carried out in connection with the FINMONICA Study (Vartiainen et al., 2000) . In 2002, in connection with the National FINRISK 2002 study, a 10-year age group and sex stratified subsample of the population aged 25-64 years was drawn in North Karelia, southwestern Finland and in the Helsinki area (cities of Helsinki and Vantaa) (Laatikainen et al., 2003) . In this paper, the age range of 25-64 years, common to all of these surveys, is being considered.
The original sample size in 1979 for the population aged 14-65 years was 2487. Of these, 1593 individuals (64%) provided 24-h urine samples. Those who reported incomplete collections (n ¼ 122) were excluded from the analyses. In this paper only responders aged 25-64 years are included (n ¼ 1206). In 1982 and 1987, the original random sample was stratified by sex and 10-year age groups. In 1982 it comprised 2218 individuals, of whom 1507 (68%) provided a 24-h urine sample. In 1987, the original sample size was 2365 individuals, of whom 1268 (54%) provided a 24-h urine sample. According to self-reports the collection was incomplete in 125 persons in 1982 and in 117 in 1987. These persons were excluded from analyses. In 2002, the original subsample for the 24-h urine collection was 2240 persons, of whom 1564 participated in the baseline survey (FINRISK 2002) and 919 (59%) also completed the urine collection. In 2002, urine creatinine was measured as well. Persons (n ¼ 10) with creatinine levels of 5.0 mmol/day or less, and persons with creatinine of 6.0 mmol/day or less together with a urine volume of less than 1000 ml indicating incomplete urine collection were excluded from analyses. The participants by survey year, sex and area are presented in Table 1 .
Participants were instructed to collect urine for 24 h, starting the collection on a Sunday morning. The collected urine was returned to the examination site the next day. The purpose of salt intake estimation from the collected samples was not specifically mentioned to the participants. Participants were asked to report whether the 24-h collection was complete or not and also to provide information if the day of urine collection was unusual for them, for example in terms of heavy perspiration, illness, etc. At the survey site, a trained nurse carefully mixed the sample, measured the total volume and transferred an aliquot into a smaller transport tube to be sent to the central laboratory. Samples were frozen to À201C for storage before analysis. In 1979 In , 1982 and potassium were measured from thawed samples by flame photometer (Corning, NY, USA); in 2002 an ion-selective electrode (Optima analyzer, Thermo Electron Oy, Vantaa, Finland) was used instead. According to an External Quality Assessment Program organized by Labquality (Helsinki, Finland) the bias of the sodium method for serum analyses was 1.
For urine samples the external quality assurance was carried out only in 2002, and the bias was À5.
Age adjusted means and 95% confidence intervals (CI), stratifieded by sex, area, survey year for total urine volume, Urinary sodium excretion trends in population sample T Laatikainen et al sodium and potassium excretion, sodium-potassium molar ratio and dietary salt intake are shown in Table 2 . In addition, age adjusted means and 95% CI for dietary salt intake stratified as above as well as by education were calculated. Dietary salt intake per 24 h was calculated by multiplying the molar urinary sodium concentration determined from the aliquot by molecular weight and the total urine volume: salt (g/day) ¼ urinary sodium concentration (mmol/l) Â molecular weight of sodium chloride (0.058 g/ mmol) Â urine volume (l/day). Age adjustment was made to the European standard population (Waterhouse et al., 1976) . Age and area adjusted linear regression analyses were performed to estimate the yearly decrease in salt intake by sex. In these analyses, data from all areas (except for the Helsinki area with only one observation point) were combined and area was included in the model as a dummy variable. All analyses were performed by SAS statistical package, version 8.2 (Cary, NC, USA).
Results
The 24-h urinary sodium excretion in eastern (North Karelia and Kuopio provinces) and southwestern Finland (Turku and Loimaa region) in 1979 and 1982 was high. In men in eastern Finland the urinary sodium excretion was more than 220 mmol/24 h in eastern Finland and 200 mmol/24 h in southwestern Finland. In women, the corresponding values were over 170 mmol/24 h in eastern Finland and 157 mmol/ 24 h in southwestern Finland (Table 2) . Urinary sodium excretion decreased significantly in eastern Finland between 1982 and 1987 in both sexes. In southwestern Finland, urinary sodium excretion in women remained stable during the same period; in men there was a slight, statistically nonsignificant increase. Between 1982 and 2002, a significant decrease was seen both in North Karelia and in southwestern Finland. In 2002, urinary sodium excretion was lowest in the Helsinki area in both sexes (Table 2) .
Urinary potassium excretion as well decreased between 1979 and 2002 in all areas and both sexes. The decrease was statistically significant only among men in North Karelia between 1979 and 2002 and among women in southwestern Finland between 1987 and 2002. In 2002, urinary potassium excretion was lowest in men and women in the Helsinki area, but the differences between areas were not statistically significant ( Table 2) .
The sodium-potassium molar ratio also changed favorably between the 1980s and 2002. The decrease in sodium- potassium molar ratio was statistically significant among men in both North Karelia and southwestern Finland and among women in North Karelia. Between 1982 and 2002, an increase was seen in the 24-h urine volume in both men and women. Although the urine volume was close to 1500 ml in both sexes in 1979, 1982 and 1987 , it exceeded 1800 ml in all areas and both sexes in 2002 ( Table 2 ). The change in urine volume was about 20%.
In 2002, the salt intake in grams per 24 h calculated from sodium excretion was about 9 .5 g among men in North Karelia and southwestern Finland and 8.6 g in the Helsinki area (Table 2 ). Among women the corresponding values were 7.4 g in North Karelia and southwestern Finland and 6.9 g in the Helsinki area. The age and area adjusted annual average reduction in salt intake between 1979 and 2002 was 0.14 g in men and 0.11 g in women (Figure 1) .
The overall trend throughout the survey years was that the salt intake was lowest in the highest education tertile among both men and women, but this trend was statistically significantly only among men in North Karelia in 1979 and among women in southwestern Finland in 2002. In 1979 the most educated North Karelian men had lower salt intake compared to the least educated being 11.4 g (95% CI, 10.5-12.3) in the highest education tertile and 13.1 g (95% CI, 12.1-14.1) in the lowest tertile.
Respectively, in 2002, the salt intake in southwestern Finland among women in the highest education tertile was 6.7 g (95% CI, 6.1-7.3) compared to 8.1 g (95% CI, 7.3-8.9) in the lowest tertile.
Discussion
Urinary sodium excretion, the best indicator of habitual salt intake, has decreased significantly in Finland during the last 20 years. The decrease has been similar in different areas, in both sexes and in different educational groups. The North Karelia Project, a comprehensive CVD prevention program established in the early 1970s, has contributed remarkably to the development of national nutrition policies and given impetus to national action in promoting healthy nutrition (Nissinen et al., 1982; Puska et al., 1995; Pietinen et al., 1996) . An important part of these strategies has been a communitybased collaboration with the food industry to develop reduced-salt food products and raise general awareness on salt and health (Tuomilehto et al., 1984) . This probably explains the rather homogenous decline seen in different population groups. Even though some regional variation exists in urinary sodium excretion especially between the Helsinki area and the other parts of Finland the differences are not statistically significant.
The decline seen in sodium excretion is in line with an observed decrease in blood pressure levels in the Finnish population (Kastarinen et al., 1998) . This decline in blood pressure levels in recent decades occurred despite simultaneous increases in body mass index (BMI) and alcohol consumption (Laatikainen et al., 2003) . Cutler et al. in 1997 estimated in a meta-analysis that a sodium reduction of 100 mmol per day would reduce blood pressure by 2.3 mmHg systolic and 1.4 mmHg diastolic in people with normal blood pressure, and by 5.8 mmHg systolic and 2.5 mmHg diastolic in people with hypertension (Cutler et al., 1997) . In another meta-analysis, He and MacGregor (2002) reported that a reduction of 100 mmol/day in sodium intake predicted a 3.6 mmHg reduction in systolic and 1.7 mmHg in diastolic blood pressure among normotensive persons, and a 7.1 mmHg fall in systolic and 3.9 mmHg fall in diastolic blood pressure among hypertensive persons Thus, the about 8 mmHg reduction observed in systolic blood pressure among men in North Karelia between the early 1980s and 2002 cannot be fully explained by the 60 mmol decrease in urinary sodium excretion, that is, by the observed 26% decrease in salt intake. Improved management of hypertension must have contributed to this beneficial trend as well. Nevertheless, it is clear that the decline in dietary sodium intake has had an important effect on the decrease in blood pressure levels in the Finnish population.
An independent association between sodium intake and the risk of CVD has been reported in Finnish cohorts (Tuomilehto et al., 2001) . A 100 mmol higher sodium intake was associated with a 51% increase in coronary heart disease Urinary sodium excretion trends in population sample T Laatikainen et al mortality, a 45% increase in CVD mortality and a 26% increase in all-cause mortality. The effect of the continuously declining sodium intake of the last two decades is likely to be seen in mortality and disease figures in the future. Unfortunately, similar population-based data on sodium intake are not available from most of the other countries. Despite the significant recent decrease in urinary sodium excretion, absolute values are still relatively high in Finland. About 90% of sodium intake is recovered in urine (Ovesen and Boeing, 2002) ; thus the estimated salt intake in North Karelia is about 10.5 g in men and 8.2 g in women. If the decrease in salt intake were to continue along the same linear trend in the future as it did from 1979 to 2002, it would take another 35 years for men and 26 years for women to reach the 5 g intake recommendation of the World Health Organization (WHO, 2003; Nordic Council of Ministers, 2004) . As the assumption of a continued linearly decreasing trend is very optimistic, achieving the WHO dietary recommendation remains a great challenge. However, in light of the changes of the last 20 years it is not unrealistic to hope that this goal can be reached.
Nowadays in Finland most sodium intake derives from manufactured foods, such as bread, meat and fish products (Reinivuo et al., 2006) . Thus, a further decrease in sodium intake is dependent on the cooperation of the food industry. The development of low-sodium and reduced salt products, clear food labeling and consumer education on healthy food choices are of the greatest importance in reducing salt intake (Sharp, 2004; Jacobson, 2005) .
There is no other data available from population samples on long-term trends in 24-h urinary sodium excretion. In some population surveys casual urine specimens have been collected (Khaw and Rose, 1982; Poulter et al., 1984; Khaw and Barrett-Connor, 1990; Khaw et al., 2004) . Since sodium and potassium excretion to urine show marked diurnal variation, estimates derived from spot urine samples are very imprecise. One of the most recent studies was a Norfolk cohort in the UK where a casual urine sample was collected from over 23 000 men and women between 1993 and 1997. A 24-h collection was carried out for a subsample of 341 individuals. Sodium excretion in the 24-h urine collection was 161 mmol/day in men and 125 mmol/day in women, close to the Finnish levels in 2002. Assuming a mean urine volume of 1.6 l, the average 24-h excretion of sodium according to casual urine samples was estimated to be 154 mmol for men and 118 mmol for women (Khaw et al., 2004) . This might be an underestimate as the 1.6 l figure used for urine volume was taken from studies carried out in the 1980s (Bingham et al., 1988) . Urine volume appears to have generally increased since then, as seen in this Finnish survey. At least in Finland, the main reason for the increase in urinary volume is increased consumption of beverages and alcohol (Information Centre of Ministry of Agriculture and Forestry, 2000; Laatikainen et al., 2003) .
An important reason why only very few populations have data on sodium excretion levels is that organizing a 24-h urine collection as part of a population survey is a complicated and challenging procedure. In Finland, participation in population surveys has continuously declined (Vartiainen et al., 2000; Laatikainen et al., 2003) , and participation in 24-h urine collection has dropped even further. However, even in the last survey in 2002 almost 60% of the participants who received urine collection bottles returned them and had adequately complied with instructions.
The method used for urinary sodium analysis changed between 1987 and 2002. This was due to the breakdown of the flame photometer analyzer, which made it impossible to carry out a validation study between the flame photometer and the new ion selective electrode method. Langhoff and Steiness (1982) have made a comparison study of the measurement of sodium and potassium from urinary samples showing no difference between the flame photometry and ion-selective electrode. However, the validation study made in a different laboratory cannot fully guarantee that the difference between the methods in an other laboratory would not exist as the measurement levels are dependent on several additional factors such as calibration and standards used. The KTL laboratory participated in the External Quality Assessment Program throughout. The data shows that for the sodium method the bias for serum samples during the survey years varied from 0.2 to 4%. Although the bias may have been bigger for the urine samples, these figures show very stable quality in the laboratory analyses. For urine samples the external quality assurance was carried out only in 2002. The bias for urine samples was À5.9%. Even with this level of uncertainty in the results, the decreasing trend in sodium excretion remains significant.
In conclusion, the 24-h urine collections organized in connection with the Finnish population CVD risk factor surveys have provided important and unique information on the sodium intake at the population level. The latest survey shows that the decline in urinary sodium excretion continues. This has a major public health impact on the Finnish population, for which the risk of CVD has traditionally been high. As at present most sodium intake stems from manufactured food products, a further reduction of sodium intake is an important challenge not only for the health sector, but also for both the Finnish food industry and consumers.
